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(54) Method and an apparatus for manufacturing pipes of plastic, and a plastic pipe 

(57) A method and an apparatus for manufacturing 
pipes of plastic, the apparatus comprising a casing (2) 
and a core (3) contained therein, and a mandrel (5) that 
is situated in the annular space between the casing (2) 
and the core (3), and that has the shape of a helix. Dou- 
ble-wall pipes provided with partitions can be manufac- 
tured in a simple manner by feeding the plastic material 
into the annular space at the inner end of the mandrel 
(5) through conical inlet ducts (4a, 4b), and by causing 
the mandrel (5) to rotate with respect to the core (3). 
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Description 

The invention relates to a method for manufacturing 
plastic pipes comprising a smooth inner and outer sur- 
face and at least one cavity having the shape of a helix s 
and being located in the pipe wall, the turns of the cavity 
being separated by means of a partition which intercon- 
nects the outer and inner wall of the pipe wall, where- 
upon plastic material is fed through an annular space 
located between a tubular casing and a core contained 
therein, and the cavity is formed by means of a mandrel 
that is situated in the annular space, that has the shape 
of a helix, and that is caused to rotate with respect to the 
casing. 

The invention further relates to an apparatus for 
manufacturing pipes of plastic, the apparatus compris- 
ing a substantially tubular casing, a core that is situated 
in the casing, that is substantially parallel with the axis 
of the casing, and that forms an annular space with the 
casing, and at least one mandrel that is situated in the 
annular space at a distance from the casing and the 
core, that is rotatable with respect to the casing, that 
surrounds the core and that has the shape of a helix. 

The invention also relates to a plastic pipe compris- 
ing a smooth inner and outer wall, and at least one par- 
tition that is situated between the walls, that has the 
shape of a helix, and that is attached to the outer and 
inner wall. 

Plastic pipes with homogenous walls are both 
heavy and expensive, especially when they are large in 
size. Therefore, pipes with a wall consisting of two sur- 
face layers have been developed, openings or a lighter 
material layer being provided between the two layers. 
This kind of structure provides a pipe that is substan- 
tially as rigid as a pipe with a homogenous wall in the 
direction of both the axis and the radius, but that is con- 
siderably lighter. The layered structure also means that 
less material is needed. To counterbalance these 
advantages, however, the extruders required for manu- 
facturing such pipes have a rather complicated struc- 
ture. 

US Patent 4,364,882 discloses an extruder by 
means of which pipes having smooth outer and inner 
surfaces and a foam layer therebetween can be manu- 
factured. Due to the weight of the foam, in most cases 
the total amount of the weight saved is no more than 
30%. Dutch Patent Application 7,500,386 discloses an 
extrusion technique by means of which smooth pipes 
with longitudinal apertures in the walls are produced. 
However, the rigidity of such pipes in the direction of the 
radius is small. It is also known to manufacture pipes 
with a corrugated interior or exterior, such as Swedish 
Patent 7500855-7 discloses, but the use of pipes with a 
corrugated surface is quite limited. It is naturally possi- 
ble to form a smooth outer surface in a ribbed pipe of the ss 
kind described for example in WO 81/00823, but this 
requires two separate manufacturing stages, which con- 
siderably increases the price of the final product and 
which may impair the mechanical properties of the pipe. 



Plastic pipes are typically manufactured with 
extruders into which the plastic material is fed from the 
side. The plastic pipe will thus comprise at least one 
seam on the opposite side from the inlet. This jointing 
seam is highly disadvantageous especially when glass 
reinforcements are added to the plastic material. 

Pipes with a smooth inner and outer surface and 
with walls comprising cavities of the shape of a helix are 
at present manufactured in such a way that a hollow 
profile having a square cross-section is extruded, it is 
twisted around a mandrel to have the shape of a helix, 
and its helical turns are welded together. This manufac- 
turing method is quite slow, however, and the resultant 
product has an uneven outer surface. Furthermore, the 
welded joints between the turns weaken the product. 
Also, a welded joint having the shape of a helix essen- 
tially complicates the sealing of the pipe, whereupon 
leaks occur easily for example in the joints. This kind of 
manufacturing method is disclosed for example in GB-1 
438 321. 

German Auslegeschrift 1,245,582 discloses an 
apparatus the function of which is to provide in the pipe 
wall an aperture having the shape of a helical line. How- 
ever, the apparatus does not operate in the desired 
manner. This is due to the fact that since the mandrel 
having the shape of a helical line is attached to a core, 
they both rotate in the same direction and at the same 
speed, whereupon motion also occurs in the direction of 
the circumference in the mass of plastic, the motion 
being somewhat slower than the rotating motion of the 
core. Therefore, there will be no cavity having the shape 
of a helical line in the pipe wall, but the mandrel tears a 
duct of an indefinite shape in the wall. Also, since the 
material in the apparatus is supplied axially into the area 
of the mandrel, the space between the mandrel and the 
core will not be filled completely, wherefore the inner 
surface of the pipe will be uneven. 

The purpose of the present invention is to provide a 
method enabling the manufacture of pipes having 
smooth inner and outer surfaces, no welded joints, and 
walls which comprise cavities of the shape of a helix 
and partitions that are placed in such a way that despite 
its light weight the pipe is highly rigid in the direction of 
both the axis and the radius. 

The method according to the invention is character- 
ized in that the plastic material is fed into the annular 
space at the inner end of the mandrel through conical 
inlet ducts to the interior and exterior of the mandrel, 
and that the mandrel is caused to rotate with respect to 
the core. 

According to the invention, plastic material is fed 
along conical feed channels into the interior and exterior 
of the mandrel at its inner end. Some of the plastic 
material then flows between the mandrel and the core, 
and this forms the smooth inner surface of the plastic 
pipe. The twisting of the mandrel with respect to both 
the casing and the core enables the formation of a cav- 
ity having the shape of a helix in the pipe wall. 

A preferred embodiment of the invention is charac- 
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terized in that the mandrel is stopped at times in order to 
obtain a cavity that is relatively elongated in the longitu- 
dinal direction of the pipe, and that the pipe wall is com- 
pressed in the area of this cavity. The part of the pipe 
that is thus compressed can be used for example as a 
sleeve or in the manufacture of a bent pipe. 

The apparatus according to the invention is charac- 
terized in that the apparatus comprises at least two con- 
ical stators and between them at least one rotatable 
rotor, the stators and the rotor forming between them 
inlet ducts along which the plastic material can be fed 
into the exterior and interior of the mandrel, and that the 
mandrel is rotatable with respect to the core. 

Since the plastic material is fed, by means of coni- 
cal stators and a rotary rotor situated between them, 
into the exterior and interior of the mandrel at its inner 
end, it is made sure that the subchannels located inside 
and outside the mandrel are filled with the plastic mate- 
rial. The rotation of the mandrel with respect to the core 
in turn enables the formation of a cavity with the shape 
of a helix in the pipe wall. 

In order to make sure that the plastic material also 
flows to the space between the core and the mandrel, it 
is preferable that the distance between two successive 
turns of the mandrel is greater at the rear end of the 
mandrel than at the front end. 

If desired, the apparatus can be constructed such 
that near the end of the feed channel the core com- 
prises a hollow which is connected to the front end of 
the core by means of an incline that presses the mate- 
rial between the turns of the mandrel. The hollow of the 
core that is formed in this manner facilitates the flow of 
the plastic material to the subchannel between the man- 
drel and the core. 

Another advantage of the invention is that when the 
invention is utilized the plastic pipe will comprise no 
seams, wherefore it is very easy to for example seal the 
pipes at the joints. 

The pipe of the invention is characterized in that the 
outer and inner wall are formed without welded joints. 

The apparatus according to the invention will be 
described in greater detail in the accompanying draw- 
ings, in which 

Figure 1 is a vertical longitudinal section of a pre- 
ferred embodiment of the apparatus according to 
the invention, 

Figures 2 and 3 are longitudinal sections of two dif- 
ferent embodiments of the pipe wall, 
Figure 4 shows a compressed pipe wall, 
Figure 5 is a longitudinal section of a third embodi- 
ment of the pipe wall, and 
Figure 6 shows a second embodiment of the appa- 
ratus according to the invention. 

The apparatus shown schematically in Figure 1 
comprises a frame 1 with an associated tubular casing 
2. A core 3 which is coaxial with the casing 2, which may 
be fixed or rotating, and which is substantially cylindrical 



at least at the outer end, is mounted in bearings in the 
frame 1 . The casing 2 is spaced from the core, so that 
an annular duct is formed between the casing and the 
core. The front end of this duct forms the nozzle of the 

5 apparatus wherein the pipe protrudes out of the appara- 
tus, whereas the rear end is connected to inclining inlet 
ducts 4a and 4b for plastic. The conical part of the frame 
1 forms an outer stator 8a. The interior of the apparatus 
comprises an inner stator 8b which also has a conical 

w outer edge. A rotatable rotor 9 is placed between the 
stators 8a and 8b. Means for rotating the rotor 9 are not 
shown in Figure 1 . The rotor 9 and the outer stator 8a 
border the outer inlet duct 4a for plastic, and corre- 
spondingly the rotor 9 and the inner stator 8b border the 

15 inner inlet duct 4b for plastic. The rotor 9 and/or the sta- 
tors 8a and 8b comprise grooves, protrusions or other 
similar means which cause, during the rotation of the 
rotor 9, the plastic raw material to advance from the inlet 
ducts 4a and 4b towards the mandrel 5. 

20 According to the invention, a mandrel 5 having the 
shape of a helix is placed in the annular space between 
the casing and the core. The mandrel 5 consists of a 
pipe having a square cross-section and surrounding the 
core 3 in such a way that the axis of the helix joins the 

25 axis of the core. The mandrel is spaced from both the 
core 3 and the casing 2, and it thus divides the annular 
space between the casing and the core into two 
subchannels 6 and 7, whereupon the subchannel 6 is 
located between the casing and the mandrel, and the 

30 subchannel 7 between the mandrel and the core. The 
subchannels are preferably equal in size in the direction 
of the radius. 

Figure 1 shows that the distance between the turns 
of the mandrel is greater at the rear end located at the 

35 inlet ducts 4a and 4b than at the front end of the man- 
drel located at the nozzle of the apparatus. The rela- 
tively great distance between the turns of the mandrel at 
the rear end of the mandrel facilitates the flow of the 
mass of plastic to the subchannel 7. For the same pur- 

40 pose, a hollow 1 0 is formed in the core 3 at the rear end 
of the mandrel, compared to the front end of the core, so 
that there will be an extension at this point in the 
subchannel 7. An incline 1 1 is formed between the hol- 
low 10 and the front of the core, and together with a cor- 

45 responding incline 12 in the frame this hollow presses 
the material to the subchannels 6 and 7, and to the 
spaces between the mandrel turns. 

The rear end of the mandrel is connected to a gear- 
wheel 13 with a bar 14, and by means of these compo- 

50 nents the mandrel can be caused to rotate around its 
own axis and around the axis of the core. Tlie gear- 
wheel is connected to an actuator that is not shown in 
the figures. Bearings and seals 15, preventing the plas- 
tic from flowing backwards, are placed between the 

55 gearwheel 13, the frame 1 and the core 3. 

The apparatus according to Figure 1 operates in 
the following manner: 

Plastic supplied under pressure through the ducts 
4a and 4b flows into the exterior and interior of the man- 
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drel at its inner end, i.e. to the subchannels 6 and 7, and 
to the spaces between the turns of the mandrel 5. Due 
to the pressure in the ducts 4a and 4b and to the rota- 
tion of the mandrel 5, the material flows from right to left 
in Figure 1 and finally issues from the nozzle of the 5 
apparatus. The smooth inner and outer surfaces of the 
pipe wall are thus formed in the subchannels 6 and 7, 
whereas the mandrel 5 forms a cavity having the shape 
of a helix between these surfaces. The aperture that 
remains between the successive turns of the mandrel 10 
forms partitions of the pipe wall having the shape of the 
helix To enable this, the flow rate of the material must 
naturally be adapted according to the pitch and rota- 
tional velocity of the mandrel. On the other hand, the 
rotational velocity of the mandrel 5 can be easily 15 
adjusted to correspond to the flow rate of the material by 
means of the gearwheel 1 3. 

The right side of Figure 2 shows in longitudinal sec- 
tion a part of the wall of the pipe prepared with the appa- 
ratus according to Figure 1. The pipe wall 16 thus 20 
comprises an outer and inner layer 17 and 18 that are 
interconnected by means of partitions 19 so that cavi- 
ties 20 are located between these partitions. Both the 
partitions 19 and the cavities 20 are thus arranged in 
the shape of a helix around the axis of the pipe. This 25 
kind of wall structure provides savings of 30 to 60% in 
the material compared to a homogenous pipe wall that 
is equally rigid in the direction of the radius. 

If desired, the cavities 20 can be filled completely or 
in part for example with a foam-like matter. An inlet is 30 
thus formed for this material at the rear end of the tubu- 
lar mandrel, and the front end of the mandrel is left open 
so that the material is fed into the interior of the cavity as 
it issues from the mandrel. In order to reduce the friction 
between the mandrel and the plastic material, a coating, 35 
such as a plastic layer, decreasing the friction can be 
formed on the surface of the mandrel. Alternatively, 
apertures through which a lubricant is supplied can be 
formed in the mandrel. 

Figure 1 shows only one mandrel 5, but it is clear 40 
that two or more mandrels can be attached to the gear- 
wheel 13, but in such a case the mandrels have to have 
a greater pitch, however, than the figure shows. The 
mandrel may naturally be closed instead of tubular. 

The left side of Figure 2 shows an alternative form 45 
for the partitions 19, and it can be provided by means of 
mandrel walls that are bent outwards. Such a form of 
the partition is advantageous with respect to the 
strength. 

Figure 3 shows a pipe wall that is provided with an so 
apparatus comprising two mandrels having the cross- 
sectional shape of an equilateral triangle. These two 
mandrels are positioned in such a way that they provide 
the shape shown in Figure 3 wherein partitions 19 alter- 
nately incline in different directions with respect to the ss 
surface layer of the wall. It is clear that the mandrels 
may also have a round cross-section. 

Figure 4 shows a pipe wall 16 which is compressed 
in such a way that the inner and outer layer 17 and 18 



are pressed together. This kind of structure is achieved 
in such a way that the rotational motion of the mandrel 5 
is interrupted for a while so that no partitions 19 will be 
formed in that part of the pipe. The inner layer 18 of the 
resultant elongated cavity is subjected to a pressure 
effect, for example by means of compressed air 
obtained from the apertures 22 in the core 3 (see Figure 
5), at the area of the core situated outside the mandrel. 
The part of the pipe compressed in such a way can be 
utilized for example as a sleeve or in the formation of a 
bent pipe. 

Figure 5 shows a pipe wall 16 comprising, between 
the inner and outer layer 17 and 18, partitions 19 with 
the shape of an angular Z. Partitions 19 having such a 
shape bend easily, whereupon for example a force act- 
ing on the outer layer 17 causes the outer layer 17 to 
subside and the partitions 19 to yield, but the inner layer 
18 remains substantially intact and retains its shape. 
Therefore, the outer surface 1 7 of the pipe can be con- 
siderably deformed without any effect on the inner sur- 
face 18 of the pipe, since the partitions 19 act as kind of 
buffers between the outer and inner layer 17 and 18, 
and as a material keeping the layers separate. 

Figure 6 shows an alternative embodiment of the 
apparatus. The mandrel turns located at the inlet end 
are in this case interconnected by means of material 
bridges 21 provided in the inner circumference of the 
mandrel. A uniform screw that conically tapers to the 
outlet end of the apparatus and that continues outside 
the inclines 1 1 and 12 as a mandrel having the shape of 
a helix is thus formed at the inlet end of the apparatus. 

This embodiment enables the manufacture of pipes 
comprising walls with the inner and outer layer being of 
different materials or colours in such a way that one 
material is fed along the outer inlet duct 4a into the exte- 
rior of the mandrel at its inner end, i.e. into the subchan- 
nel 6, and another material is correspondingly fed along 
the inner inlet duct 4b into the interior of the mandrel at 
its inner end, i.e. into the subchannel 7. The different 
materials are thus joined at the partitions 19. Figure 6 
further shows that the mandrel 5 is attached to the rotor 
9, whereupon during the rotation of the rotor 9 the man- 
drel 5 simultaneously rotates at the same speed to the 
same direction, i.e. the mandrel 5 does not therefore 
need a rotation mechanism of its own. The flow rate of 
the material must naturally be carefully adapted then. 

Figure 6 also shows how apertures 22 are formed 
at the free end of the core 3, and the apertures can be 
connected to a source of negative pressure in order to 
calibrate the pipe walls, or to a source of compressed 
air in order to compress the pipe wall. 

The plastic pipe can be calibrated in the aforemen- 
tioned manner from the inside and, if desired, simulta- 
neously also from the outside by means of a cylinder 
tube calibrator 23. The cylinder tube calibrator 23 com- 
prises openings 24 in order to provide a vacuum. The 
simultaneous calibration of the interior and the exterior 
is possible since the partitions 19 can yield slightly, if 
necessary, without any substantial damage to the struc- 
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5. A method according to claim 1 , characterized in 
that the outer and inner surface of the plastic pipe 
are simultaneously calibrated substantially immedi- 
ately after the plastic pipe is outside the casing (2). 

5 

6. An apparatus for manufacturing pipes of plastic, the 
apparatus comprising a substantially tubular casing 

(2) , a core (3) that is situated in the casing, that is 
substantially parallel with the axis of the casing, and 

10 that forms an annular space with the casing, and at 
least one mandrel (5) that is situated in the annular 
space at a distance from the casing (2) and the core 

(3) , that is rotatable with respect to the casing (2), 
that surrounds the core (3) and that has the shape 

15 of a helix, characterized in that the apparatus com- 
prises at least two conical stators (8a, 8b) and 
between them at least one rotatable rotor (9), the 
stators (8a, 8b) and the rotor (9) forming between 
them inlet ducts (4a, 4b) along which the plastic 

20 material can be fed into the exterior and interior of 
the mandrel (5), and that the mandrel is rotatable 
with respect to the core (3). 

7. An apparatus according to claim 6, characterized 
25 in that the distance between two successive turns 

of the mandrel (5) is greater at the rear end of the 
mandrel than at the front end. 

8. An apparatus according to claim 6 or 7, character- 
so ized in that the mandrel (5) is mounted in bearings 

to rotate freely. 

9. An apparatus according to claim 6 or 7, character- 
ized in that the mandrel (5) is arranged to rotate 

35 closely with the rotor (9) . 



ture of the plastic pipe. 

If desired, the core 3 and/or the casing 2 can also 
be made rotatable. ft is clear that the plastic material, as 
well as the fibre particles or crystals contained therein, 
can also be oriented inside the pipe wall by means of 
the rotational movement of the mandrel. Further, dou- 
ble-wall pipes with no partitions can be manufactured 
when the mandrel 5 is not rotated. 

Alternatively, the core can be prepared of a pipe 
that is inserted into the apparatus and through it, and 
that can be coated by means of the apparatus with an 
insulating surface layer comprising a cavity having the 
shape of a helix. 

The mandrel can also be mounted in bearings to 
rotate freely in such a way that the pressure of the mass 
makes it rotate. 

Reinforcing fibres that can be oriented in the direc- 
tion of the helix can also be fed into the outer layer 17 
and the inner layer 18, or into one of the layers. The 
structural properties of the plastic pipe can thus be con- 
siderably improved. 

Claims 

1. A method for manufacturing plastic pipes compris- 
ing a smooth inner and outer surface and at least 
one cavity (20) having the shape of a helix and 
being located in the pipe wall, the turns of the cavity 
being separated by means of a partition (19) which 
interconnects the outer and inner wall (17, 18) of 
the pipe wall, whereupon plastic material is fed 
through an annular space located between a tubu- 
lar casing (2) and a core (3) contained therein, and 
the cavity is formed by means of a mandrel (5) that 
is situated in the annular space, that has the shape 
of a helix, and that is caused to rotate with respect 
to the casing (2), characterized in that the plastic 
material is fed into the annular space at the inner 
end of the mandrel (5) through conical inlet ducts 
(4a, 4b) to the interior and exterior of the mandrel 
(5), and that the mandrel (5) is caused to rotate with 
respect to the core (3). 

2. A method according to claim 1, characterized in 
that the mandrel (5) is stopped at times in order to 
provide a cavity (20) that is relatively elongated in 
the longitudinal direction of the pipe, and that the 
pipe wall (16) is compressed in the area of this cav- 
ity. 

3. A method according to claim 2, characterized in 
that the pipe wall (16) is compressed by subjecting 
the inner wall (18) to the effect of compressed air 
issued from the core (3). 

4. A method according to claim 1, characterized in 
that the pipe is coated with an insulating surface 
layer by pushing the pipe through the apparatus. 



1 0. An apparatus according to any one of the preceding 
claims 6 to 9, characterized in that the mandrel 
turns situated at the inlet end of the apparatus are 

40 interconnected by means of material bridges (21 ) to 
provide a uniform screw. 

1 1 . An apparatus according to any one of the preceding 
claims 6 to 10, characterized in that near the end 

45 of the inlet ducts (4a, 4b) the core (3) comprises a 
hollow (10) which is connected to the front end of 
the core (3) by means of an incline (11) that 
presses the material between the turns of the man- 
drel. 

50 

1 2. An apparatus according to any one of the preceding 
claims 6 to 1 1 , characterized in that the apparatus 
comprises calibration means, situated substantially 
immediately after the casing (2), for the simultane- 

55 ous calibration of both the outer and inner surface 
of the plastic pipe. 

13. A plastic pipe comprising a smooth inner and outer 
wall (17, 18), and at least one partition (19) that is 
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situated between the walls, that has the shape of a 
helix, and that is attached to the outer and inner 
wall, characterized in that the outer and inner wall 
(17, 18) are formed without welded joints. 

5 

14. A plastic pipe according to claim 13, characterized 
in that the outer wail (1 7) and the inner wall (1 8) are 
formed of different materials that are joined in the 
partition (19). 

10 

15. A plastic pipe according to claim 13 or 14, charac- 
terized in that the outer and/or inner wall (17, 18) 
comprise reinforcing fibres that are oriented parallel 
with the helix. 

15 

1 6. A plastic pipe according to any one of the preceding 
claims 13 to 15, characterized in that the partition 
(19) has such a structure that when the outer wall 
(17) is deformed, the partition (1 9) yields so that the 
inner wall (18) is deformed less than the outer wall 20 
(17). 

1 7. A plastic pipe according to any one of the preceding 
claims 13 to 16, characterized in that the partition 
(19) has substantially the cross-sectional shape of 25 
an angular Z. 

18. A plastic pipe according to any one of the preceding 
claims 13 to 17, characterized in that in some 
places there are no partitions (19), and that the 30 
outer and inner layer (17, 18) of the pipe wall (16) 
are in contact with each other in such places. 
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